We used data derived from forest maps and ground surveys to study habitat preferences and sexual segregation in two populations of northern white-tailed deer (Odocoileus virginianus) living at low density in southeastern Quebec. Based on the reproductive-strategy hypothesis invoked to explain sexual segregation, we predicted that females would select habitat with denser cover than males did throughout the growing season, but that this tendency would decline with fawn maturation. Deer of both populations and sexes avoided agricultural lands; one population preferred regenerating clearcuts and disturbed conifer stands (balsam fir and spruce), whereas the other preferred undisturbed cedar stands. Based on map analyses we did not detect sexual segregation. Field surveys revealed that deer did not select forest stands at random and that habitat preferences differed by sex. Early in the growing season, both sexes tended to use mid-successional, dense stands, whereas males progressively used younger, more open stands later in the season. Detecting habitat preferences of forest mammals may require fine-scale details that are unavailable on maps derived from aerial photographs.
Introduction
For ungulates living in seasonal environments, the habitat preferences of the sexes should diverge the most during late spring and summer because this period coincides with the time when needs associated with lifetime reproductive success are the most divergent . Among five hypotheses recently proposed to explain sexual segregation in ungulates (Ruckstuhl and Neuhaus 2000) , three have received much attention (Bleich et al. 1997) : the reproductivestrategy hypothesis (Main and Coblentz 1990; Miquelle et al. 1992 ), the sexual dimorphism -body size hypothesis (Beier and McCullough 1990; Weckerley 1993) , and the socialfactors hypothesis (Bon and Campan 1996) . The reproductivestrategy hypothesis, which has received the most widespread support for ungulates (Bergerud et al. 1984; Clutton-Brook et al. 1987; Carl and Robbins 1988; Festa-Bianchet 1988; Prins and Iason 1989; Berger 1991; LaGory et al. 1991; Miquelle et al. 1992; Bleich 1993; Frid 1994; Kohlmann et al. 1996; Main and Coblentz 1996; Kie and Bowyer 1999) , predicts that during summer, males should exploit areas with abundant high-quality forage to maximize pre-rut energy reserves and body size, and hence reproductive competitiveness, whereas females should use habitats that favor offspring security and survival. The sexual dimorphism -body size hypothesis explains sexual segregation as being due to differences in forage requirements between the sexes resulting from allometric relationships among body size, absolute nutrient needs, and rate of digesting forage. The social-factors hypothesis proposes that sexual segregation arises from social affinities among males.
Although hypotheses concerning sexual segregation have generally been tested in open areas with gregarious species because these habitats facilitate observations, the white-tailed deer (Odocoileus virginianus), a relatively solitary forest cervid (Huot et al. 1984; Broadfoot et al. 1996; Crête and Daigle 1999) , also served to test them. Beier (1987) observed that during winter, females consumed forage of higher quality than males did, which supports the sexual dimorphismbody size hypothesis. On the other hand, Kie and Bowyer (1999) found that space use and forage intake at two population densities supported the reproductive-strategy hypothesis.
We studied two white-tailed deer populations congregating in adjacent wintering areas in southeastern Quebec from 1994 to 1997. This species expanded its range to this region during the last century (Martin 1980) , along with human settlement of the area and extirpation of wolves (Canis lupus). The population density of deer has remained low and variable (<0.3/km 2 ; Lamoureux 1994), with little competition for forage during the growing season. Deer occupy large summer home ranges (Lesage et al. 2000a ) and migrate between summer and wintering ranges (Messier and Barrette 1985; Van Deelen et al. 1998; Lesage et al. 2000a) , where forage competition can be intense and regulate population size (Dumont et al. 2000) . Even with limited competition for resources during the growing season, sexual segregation may persist because white-tailed deer in southeastern Quebec face a behavioral trade-off between optimizing foraging and minimizing predation risk for their offspring (Krebs and Kacelnik 1991) . The coyote (Canis latrans), which recently colonized southeastern Quebec (Crête and Lemieux 1996) , and black bear (Ursus americanus) are effective predators of deer fawns (Ballard et al. 1999) . We estimated that 49% of fawns in the study area died during their first 6 months of life (Dumont et al. 2000) . We reasoned that in this context, the reproductivestrategy hypothesis would best explain sexual segregation in white-tailed deer during the growing season in our study area. We predicted that females would select habitat with denser cover than males did throughout the growing season, but that this tendency would diminish as fawns developed physically and behaviorally. Males would likely occupy sites with higher or equal forage availability than those used by females. We used information derived from forest maps and field surveys to test our predictions.
Methods

Study area
The 4400-km 2 study area was located 200 km east of Québec City in the rolling hills of the Bas-Saint-Laurent region. The landscape consists of a mosaic of agricultural fields (less than 20% of the total area) interspersed with coniferous, mixed, and deciduous forests. This region is lightly populated, with few cities and dispersed villages. The study area occupies a transition zone between the northern hardwood forest and the boreal forest (Rowe 1972) . Balsam fir (Abies balsamea), white birch (Betula papyrifera), trembling aspen (Populus tremuloides), sugar maple (Acer saccharum), yellow birch (Betula alleghaniensis), white cedar (Thuja occidentalis), American beech (Fagus grandifolia), red maple (Acer rubrum), and white spruce (Picea glauca) dominate among trees (Rowe 1972) . Common shrubs include mountain maple (Acer spicatum), beaked hazelnut (Corylus cornuta), and striped maple (Acer pensylvanicum). Forests have been intensively managed for commercial timber production. Annual precipitation averages 1105 mm, of which 33% falls as snow. Deer density averaged 0.3 and 0.9/km 2 in 1993 and 1999, respectively, in the management zone that included the study area (J. Lamoureux, 1994, personal communication) . This area was under a deer-hunting moratorium from 1993 to 1996 (Lamoureux 1994; Daigle 1998) . Coyote (0.1/km 2 ; Richer et al. 2002) and black bear (0.18/km 2 ; Lamoureux 1997) were potential deer predators.
Radiotelemetry
We studied white-tailed deer that aggregated in two adjacent wintering areas (Lac Témiscouata (LTWA) and Pohénégamook (PWA)) in southeastern Quebec between January 1994 and September 1997. Deer in these areas are highly philopatric, are seasonal migrants, and represent discrete populations (Lesage et al. 2000a ). Deer were captured in January using Stephenson box traps (Rongstad and McCabe 1984) , immobilized, sexed, and fitted with an ear tag and a radio collar. Handling took about 5 min per deer and the protocol was approved by the Committee on Animal Care of Université Laval. Deer were classified as immature (8-9 months old) or adult (>1.5 years old) based on size and dentition (Severinghaus 1949) .
Radio-tagged deer were located from the air by fixedwing aircraft. In , 1995 , animals were located weekly; in 1997, aerial surveys were carried out twice a week in summer and weekly during the rest of the year. We also used ground triangulation to locate deer in summer during the last 2 years of the study. Ground locations were estimated using two mobile tracking systems. The first was a 9-element Yagi antenna mounted through the roof of a vehicle (Amlaner and MacDonald 1979; Lovallo et al. 1994) . Bearings were taken with an Azimuth 1000 digital compass (KVH Industries, Inc., Middletown, R.I.; Lovallo et al. 1994) . The second was a 7-element Yagi antenna mounted on an allterrain vehicle for which bearings were measured with a hand-held compass. Fixed stations used for triangulation were located with a global positioning system (GPS). LO-CATE II software (Pacer, Truro, N.S.; Nams 1990) estimated deer positions from telemetry data and provided confidence ellipses based on the maximum-likelihood estimator (Lenth 1981) . We measured the precision of aerial and terrestrial locations using 24 blind tests with hidden radio collars whose positions were precisely measured with a hip chain and 1 : 20 000 forest maps. We considered 2 successive locations as independent if separated by ≥8 h (White and Garrott 1990) . We limited our analysis to the snow-free period but excluded the breeding season because of changes in behavior and movement (Nelson and Mech 1981; Labisky and Fritzen 1998) . This restriction left a period during which deer home ranges remained relatively stable (10 May -25 September) and that best coincides with the testing of the reproductive-strategy hypothesis.
Home-range estimation
We used the minimum convex polygon method (MCP; 95% confidence area) to estimate summer home range of each deer (CALHOME software; Kie et al. 1994) . We determined the number of locations necessary to estimate seasonal home ranges with a subset of 20 deer for which we measured home-range area with an increasing number of locations (Kenward 1987; Harris et al. 1990 ). The mean number of locations needed to reach an asymptote averaged 25 (SE = 2); we restricted the analysis to deer with >25 locations during the study period. We combined the total areas used during consecutive seasons for animals monitored >1 year because of high philopatry in summer (≈55% homerange overlap between consecutive years). Philopatry was comparable for males and females of both populations (Lesage et al. 2000a ). We measured the distance separating 2 consecutive locations as an index of deer mobility.
Habitat preferences based on vegetation maps
We transformed CALHOME home-range outputs into map projections using LAMBERT software (Thériault 1993) . We computed home-range areas and extracted information from vegetation maps with the help of MapInfo software (MapInfo 1997). Maps were produced by the Ministère des Ressources Naturelles du Québec from aerial photographs taken in 1989 and interpreted with random ground validations (10 sites per 1: 20 000 map, i.e., 260 km 2 ). The smallest forest polygons covered 8 ha. Vegetation maps included the nature of each polygon (forest stands, agricultural lands, road) and, for forest stands, information on forest type, dominant species, age class, and time since the last disturbance (thinning, selective cut, clearcut, light insect defoliation, burning, and other silvicultural treatments). Maps were updated to September 1997, therefore disturbances such as recent clearcuts may have been slightly overestimated because they had not all occurred at the beginning of the study in May 1994.
We performed the analysis of habitat preferences derived from vegetation maps at two scales: population and individual home range (Aebischer et al. 1993; McClean et al. 1998) . We determined the availability of habitat types for each population by joining the outermost locations of all deer across years and sexes that corresponded to the study area. Availability of habitat types in the study area was compared with the summation of each habitat type within the home ranges of radio-tagged deer. We next estimated habitat use as the area composed by each habitat type within individual home ranges because a preliminary analysis revealed that area measurements yielded a similar distribution of habitat use as telemetry locations (P = 0.09 and 0.14 for PWA and LTWA populations, respectively; see below for the statistical method used). Availability was then compared with use to determine habitat preferences. For habitat-selection analysis at the homerange level we compared the distribution of areas covered by each habitat type (availability) with the proportion of radiolocations made in the various habitat types.
In the first analysis we selected the following habitat types: agriculture (i.e., fields with active agriculture), clearcuts (i.e., recently logged area (≤10 years)), conifer stands (C), hardwood stands (H), mixed shade-tolerant hardwood and conifer stands (H t C), and mixed shade-intolerant hardwood and conifer stands (H i C). Remaining habitats (nonforested, miscellaneous, water, residential, roads) were pooled with clearcuts, given their open nature and rarity (<2%). We performed a second analysis based on the presence of recent (<20 years) forest disturbances (thinning, selective cut, light insect defoliation, and other sylvicultural treatments). Habitat types were mixed (shade-intolerant or -tolerant hardwoods with conifers) stands (H it C) with and without disturbances, C with and without disturbances, and clearcuts. In the third trial we separated habitat types according to three age classes (0-20, 21-40, and ≥41 years since the last disturbance): H it C, 0-20 years, 21-40 years, and ≥41 years; C, 0-20 years, 21-40 years, and ≥41 years; clearcuts; and agricultural lands.
Habitat preferences based on ground surveys
Owing to accessibility and logistical constraints, we selected 26 deer from the PWA population for this analysis. We randomly selected equal numbers of males and females, all >1.0 year old. In 1996 we monitored 10 deer; in 1997 we continued to locate 8 of these plus 16 new individuals. Each deer was regularly monitored during the day and night in May-September using ground triangulation. During each month we randomly selected 3 locations per deer at which to sample vegetation. In 1996 we monitored the same group of deer each month, whereas we alternatively monitored 2 groups of 12 deer during each month in 1997. We could not complete vegetation surveys in September 1997.
We walked to each selected deer location using a hip chain and compass after determining distance and azimuth on 1 : 20 000 forest maps. At each location we sampled vegetation according to 3 height strata: herb level (0-0.5 m), shrub (0.5-2.0 m), and tree (>2 m). We used vertical plant coverage as an index of plant abundance for the herbaceous and shrub strata. We used a line-intercept method to measure coverage (Crête et al. 1990 ). Sampling units were 2 m long in a random direction. We recorded most taxa by species but later pooled them into the following categories to simplify the statistical analysis: ferns, herbs, graminoids (Graminae and Cyperaceae), woody coniferous species, and woody deciduous species. For each location we estimated the mean number of trees (≥9 cm diameter at breast height (DBH)) per hectare with a 2× metric prism (Grosenbaugh 1952) . We estimated the age of dominant trees according to their size from signs left by the last perturbation (e.g., logging, insect epidemic) and by cross-checking with forest maps. Given the speed of vegetation growth and wood decomposition in our study area, such estimations are relatively precise for the first 3 decades following the last perturbation. We measured lateral visibility as the maximum distance (m) from the plot center at which a person wearing a fluorescent orange vest remains visible. We included lateral visibility in the tree stratum because it represents a combination of visual obstruction at the height of a deer's head (1.5 m) caused by tree and sapling trunks in addition to foliage of high shrubs.
We took the same measurements in 45 forest stands randomly selected within the range used by the PWA deer population between August and September 1997. We surveyed 3 randomly selected plots in the core of each stand, which were separated by >200 m. We selected a minimum of 5 stands per habitat type on 1 : 20 000 forest maps, provided that they were <700 m from a road. We used the following habitat types: H i , H i C, CH i , C, H t + H t C + CH t , and clearcut.
Statistical analysis
We compared the influence of sex, month, and their interaction on the distance separating consecutive locations and the time separating them in 1996 and 1997 using repeatedmeasures analysis of variance (ANOVA) (Proc GLM, SAS 1988); the LSMEANS statement (SAS Institute Inc. 1988) served to estimate the monthly average and SE.
We restricted to ≤8 the number of habitat types used for a single analysis with vegetation maps to maximize the robustness of the statistical analysis. We made 3 groupings according to the nature of the stands, their age, and the presence of recent disturbances (<20 years). For making comparisons with vegetation maps we used a multivariate ANOVA (Hotelling's test), similar to Aebischer et al. (1993) but without computing a ratio to test the null hypothesis of no differences (used-available; male-female) among components of the untransformed data matrix (Proc GLM; SAS Institute Inc. 1988). We did not transform the data because in most cases residuals were normally distributed (Mardia's test for skewness and kurtosis, Proc GLM; SAS Institute Inc. 1988), and we did not compute a ratio because there is no consensus on the unit-sum constraint in the statistical community (Tangri and Wright 1993; McClean et al. 1998) . When Hotelling's tests were significant, we used paired t tests to determine which habitat types were preferred or avoided. We carried out a separate analysis for each deer population.
We also used Hotelling's test to compare the characteristics of the vegetation growing at sites used by deer versus those found in random stands during the summer (Proc GLM; SAS Institute Inc. 1988). We carried out a separate analysis for each height stratum. Univariate paired t tests completed the analysis of preference/avoidance. We globally compared the characteristics of the vegetation growing at sites used by males and females during summer 1996 using Hotelling's test followed by repeated-measures ANOVA (Proc GLM; SAS Institute Inc. 1988). In both analyses we considered the influence of sex, month (4), and their interaction on dependent variables. We did a separate analysis for each vegetation stratum. We did not use a Bonferroni correction for t tests and ANOVA because of the limited power of our dataset and the coherence between multivariate and univariate tests. This correction is also very conservative (Miller 1981) . For all analyses we ensured that residuals were normally distributed (Shapiro-Wilk test), homogeneous, and without pattern (examination of the plot).
Results
We obtained 3678 and 1249 locations for 38 deer (24 females and 14 males) from PWA and 18 deer (13 females and 5 males) from LTWA, respectively. The summer range (MCP 95%) for LTWA and PWA populations encompassed 2890 and 900 km 2 , respectively, during the combined summers of 1994-1997. Terrestrial locations covered the entire day (00:20-23:52), whereas aerial fixes were limited to daylight hours (07:16-18:23). Precision tests using 24 radio collars with known locations indicated a location error of 170 ± 36 m (mean ± SE) (9.0 ha) and 392 ± 77 m (48.3 ha) for terrestrial and aerial locations, respectively. We found no relationship between terrestrial and aerial errors for the same hidden radio collars (r 2 = 0.004, F = 0.20, P = 0.90; n = 24). By pooling aerial and terrestrial fixes we located each deer 29 ± 4 times per season (mean ± SE). The size of the 95% confidence ellipse computed by LOCATE II for terrestrial locations was not related to the location error in our precision tests (R 2 = 0.02, F = 1.02, P = 0.81; n = 21), and we rejected no locations on the basis of this criterion (Zimmerman and Powell 1995) . Individual home ranges covered between 9 and 75 km 2 (Lesage et al. 2000a ). Male and female home ranges overlapped extensively.
On average, 2.44 days (SE = 0.01 days; n = 56) separated consecutive locations of deer, without major differences related to sex (F = 0.38, P = 0.53), month (F = 1.58, P = 0.18), or their interaction (F = 0.70, P = 0.41). Males had a propensity to cover larger distances between 2 locations than females during midsummer (Table 1) , but the variability was too great to show significant differences due to sex (F = 0.84, P = 0.36), month (F = 1.69, P = 0.15), or their interaction (F = 0.82, P = 0.51).
Habitat preferences based on vegetation maps
Habitat availability was relatively similar for the two deer populations except for agricultural lands, which covered proportionally more area in the LTWA than in the PWA range, and clearcuts, which were more common in the PWA summer range (Table 2) . Overall, deer from both populations displayed disproportional utilization of habitat types compared with availability in their respective summer ranges (P < 0.02). Deer from both populations avoided agricultural lands. PWA deer exhibited a preference for clearcuts, whereas LTWA deer preferred conifer stands. PWA deer also preferred disturbed conifer stands but avoided undisturbed conifer stands (Table 3) . However, the nature of conifer stands accessible to both populations differed. Balsam fir and spruces dominated conifer stands available to PWA deer, but white cedar dominated conifer stands on LTWA. LTWA deer exhibited a preference for old stands, whereas PWA deer showed a slight preference for younger stands (Table 4) females was contrasted according to habitat type (Table 2 ; PWA, P = 0.41; LTWA, P = 0.91), recent disturbances (Table 3; PWA, P = 0.71; LTWA, P = 0.95), or stand age (Table 4; PWA, P = 0.21; LTWA, P = 0.83). We could detect neither preference nor avoidance of available habitat types between the sexes when carrying out the analysis at the scale of individual home ranges according to habitat type (PWA, P = 0.67; LTWA, P = 0.85), recent disturbance (PWA, P = 0.94; LTWA, P = 0.78), or stand age (PWA, P = 0.10; LTWA, P = 0.07).
Habitat preferences based on ground surveys
Evidence of browsing or tracks was visible at most deer sites sampled, confirming the relative precision of telemetry locations. The comparison of the vegetation growing at sites used by deer versus that within randomly selected stands yielded few differences when data for the whole summer were pooled (Table 5 ). Hotelling's tests were all negative (P > 0.05) for the herbaceous and shrub strata. However, some differences appeared in the tree stratum. Deer tended to prefer younger stands with less lateral visibility and fewer large trees (DBH > 9 cm) across all habitat types.
Both univariate and multivariate ANOVA (Hotelling's test) revealed that the use of habitat by male and female deer varied over the course of the summer, based upon the tree stratum (Table 6 ). In addition, monthly differences existed for the herbaceous stratum. Females tended to remain in dense cover during the whole growing season, whereas males increased their use of stands with long lateral visibility as the summer progressed (Fig. 1) . Females showed a preference for older stands with larger trees, particularly in September, and tended to use sites with greater coverage of short woody deciduous species and smaller coverage of herbs than males (Fig. 1) .
Discussion
Forest maps revealed habitat preferences
We used outermost telemetry locations to delineate habitat availability at the population level. Population ranges included PWA (n = 38 deer) LTWA (n = 18 deer) 42.51*** 3.93** Note: Mixed and conifer stands were divided into 2 groups according to the presence of recent (<20 years) disturbance (i.e., thinning, selective cutting, burning, light insect defoliation). We compared the two distributions for each population using Hotelling's test on untransformed data, whereas utilization of single habitat types was compared using a paired t test; ***, P < 0.001; **, P < 0.010.
a Mixed stands containing shade-intolerant or shade-tolerant hardwood stands. some cultivated lands (<20% of total area) in a forest matrix. In southeastern Quebec the most fertile soils occur along the St. Lawrence River, and cultivated areas would have gained in importance if we had expanded the study area north-and west-ward, hence amplifying avoidance of cultivated fields by deer. We monitored deer during day and at night, and some spent their summer in woodlots adjacent to farms. We detected no preference for cultivated crops, but rather avoidance, in the two populations. In a subsequent study carried out in southern Quebec, using the same techniques we observed that deer selected cultivated fields at night when living at high (>10 deer/km 2 ) density (Rouleau 2001) .
At the population level, deer from both populations and sexes avoided agricultural fields during the growing season. The distribution of white-tailed deer in North America and its tendency to escape in dense cover when threatened suggest that this species evolved in forested landscapes (Crête and Daigle 1999) . Our results indicated that deer prefer feeding in forests over agricultural fields when competition for forage remains low in forest stands. The quality of agricultural forage (alfalfa, Medicago sativa; red clover, Trifolium pratense; and timothy, Phleum pratens) growing in the study area during the summer of 1997 covered a similar range as that of herbs and leaves of woody species growing in neighboring woodlots, except at the end of the growing season (Lesage et al. 2000b) . We believe that deer had no reason to feed in agricultural fields during most of the growing season in our study area, owing to abundant high-quality forage in forests (485 kg/ha of preferred forage, i.e., deciduous leaves and low herbs; S. Boucher, Université du Québec à Rimouski, unpublished data). Indeed, body reserves in fall reflected good foraging conditions during the preceding months (Lesage et al. 2001) . Deer of the Bas-St-Laurent region are the largest Quebec deer and among the largest in North America (Sauer 1984; Potvin 1989; Lesage et al. 2001) . However, in the absence of snow, foraging could be better in fields than in forest during the dormant season because some green plant tissues or grain may remain available in fields (personal observation).
Although deer generally used forest stands in proportion to their availability, some differences emerged between the two populations. Deer from PWA preferred young stands originating from clearcutting and disturbed conifer stands, but avoided undisturbed conifer stands. In contrast, LTWA deer showed a preference for undisturbed conifer stands. These results, derived from forest maps, agree with data collected during field surveys of PWA deer. Similar comparisons are impossible for LTWA deer but our results suggest that irregular, undisturbed stands dominated by white cedar may provide adequate summer habitat for white-tailed deer Leaves of woody deciduous species (≈50%) and herbs (≈30%) dominated in deer rumens collected in the study area (C. Daigle and M. Crête, unpublished data) . Leaf biomass of woody deciduous species growing within deer reach depends largely on light intensity at the ground level, and clearcutting stimulates its availability by removing the canopy (e.g., Dumont et al. 1998) . Mature fir-spruce forests and pure white cedar stands often have closed canopy with little forage available for deer (e.g., Dumont et al. 1998 ). However, because of its longevity (Bergeron 2000) and (or) forest management, white cedar is more prone than balsam fir to persist in mature, uneven stands where gaps provide light for shrubs and saplings to grow.
Field surveys detected sexual segregation
Field surveys indicated that females and males used habitats with different characteristics. Our results provide some support for the reproductive-strategy hypothesis. We found a sex-related difference in preference for lateral visibility, females remaining in denser cover than males, particularly in August and September. In addition, females selected sites with denser coverage of short woody deciduous species and fewer herbs than males; short deciduous shrubs (e.g., redosier dogwood, Cornus stolonifera; raspberry, Rubus idaeus) might provide good hiding cover for fawns. This element of PWA (n = 38 deer) LTWA (n = 18 deer) Note: Mixed and conifer stands were separated into three age classes. We compared the two distributions for each population using Hotellings' test on untransformed data, whereas utilization of single habitat types was compared using a paired t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
a Mixed stands containing shade-intolerant or shade-tolerant hardwood stands. b P = 0.080. Note: Data were collected for 3 strata at sites used by 5 females and 5 males belonging to the PWA population in southeastern Quebec during 1996. *, P < 0.05; **, P < 0.01; ***, P < 0.001. Note: We included only the tree stratum because random plots and deer sites did not differ in the herbaceous and shrub strata (P > 0.05). Variables are tree (≥ 9 cm DBH) density, lateral visibility (m), and age (years). For each forest type we tested the null hypothesis of no differences (deer sites versus random plots) using Hotelling's test on untransformed data, whereas individual variables were compared using paired t tests; n is the number of random plots and deer sites sampled.
a H i , shade-intolerant hardwood; CH i , conifer stands with shade-intolerant hardwood; H i C, shade-intolerant hardwood stands with conifers; H t , shadetolerant hardwood; H t C, shade-tolerant hardwood stands with conifers; CH t , conifer stands with shade-tolerant hardwood.
b Percent area covered by the forest type within the summer range of the PWA deer population. habitat may be crucial given that ≈50% of fawns died during their first 6 months of life in our study area (Dumont et al. 2000) , most likely from predation, as was found in adjacent New Brunswick (Ballard et al. 1999 ). We anticipated equal or more forage at sites used by males than females. One difficulty in testing hypotheses concerning sexual segregation in forest ungulates arises from the fact that many plant species serve simultaneously as forage and cover. In our study area, leaf coverage by deciduous woody species in the 50-to 200-cm stratum did not differ markedly with respect to sex, based on Hotelling's tests. Short deciduous shrubs provided greater coverage at females' sites, but herbs, which deer also browse, provided greater coverage at males' sites (Fig. 1) . We conclude that based on plant coverage, an imperfect index of biomass (unpublished data), males and females had access to similar quantities of forage, in support of the reproductive-strategy hypothesis. We predicted that females would relax their use of dense cover as fawns got older, assuming that forage was rare in dense cover. However, females did not need to change their habitat use later in the growing season if forage intake remained sufficient in dense cover.
The preference of males for dense cover early in the growing season may reflect their body reserves, likely at an annual low at this period (Mautz 1978) . With improved body reserves later in the growing season, males might take the chance of being more visible in open forest stands in order to challenge other males in preparation for the coming breeding season (the social-factors hypothesis), or of being detected by potential mates (the reproductive-strategy hypothesis). Males could also travel through more open forest stands while foraging in late summer because they are almost invulnerable to predators at that time of the year, to save time and energy for use in other activities. Kie and Bowyer (1999) observed that sexual segregation in white-tailed deer decreased with increasing density, although differences in diet persisted at very high density. We could detect sexual segregation at low population density (<1 deer/km 2 ). Sexual segregation in the summer habitat might persist as density increases until a threshold is attained at which spatial separation becomes difficult (Kie and Bowyer 1999) .
Scale of analysis
Male and female white-tailed deer had very large home ranges in our study area, which differed in size mostly among yearlings (Lesage et al. 2000a) . Throughout the summer, the two sexes moved at similar rates (Table 1) and their home ranges often overlapped. Sexual segregation operated then on a fine scale, i.e., the microsite level. Previous studies also showed that for white-tailed deer, partitioning of space occurs on a very fine scale compared with other ungulates, therefore habitat selection must be measured accordingly (McCullough et al. 1989; Kie and Bowyer 1999) .
At the population level we observed avoidance of cultivated fields by both sexes. One population showed avoidance of mature fir-spruce forests and a preference for young fir-spruce stands and another population showed a preference for mature conifer stands containing white cedar. At the home-range level also, we did not find habitat segregation related to sex. The imprecision of forest maps (Potvin et al. 1999a ) and of telemetry locations and the abundance of forage in most forest stands (Rouleau 2001 ) may partly account for our inability to detect sexual segregation. Probably, our inability to detect sex-related habitat preferences from forest maps was mostly due to the absence of information affecting habitat selection in deer, such as lateral visibility. Our results illustrate that the scale of analysis and the tools used can affect the conclusions that are drawn about hypotheses tested (Wiens 1989; Dussault et al. 2001) . Our results also show that researchers must trade off the number of animals monitored by telemetry against the precision and quality of variables measured to understand habitat selection by forest- Tree density (number/ha) (a), lateral visibility (m) (b), age of stands (years) (c), short woody deciduous shrub ground cover (%) (d), and herbaceous species ground cover (%) (e) (mean ± SE) at sites used by male and female northern whitetailed deer (Odocoileus virginianus) in southeastern Quebec, June-September 1996. dwelling animals. We could find significant differences between the sexes by intensive monitoring of only 10 deer.
Consequences for forest management
Forests are intensively managed for wood production in southeastern Quebec. Periodic logging in conifer stands dominated by balsam fir and spruces should create good summer habitat for white-tailed deer about 20 years after disturbance. Recommendations proposed by Potvin et al. (1999b) for mobile mammals in southern boreal forest should also benefit white-tailed deer during summer in our study area. In mixed and conifer stands dominated by fir and spruce, we propose 50-to 150-ha clearcuts scattered in 10-km 2 units with a three-pass rotation at 20-to 30-year intervals. In stands dominated by hardwoods, the current practice of selective cutting should ensure the persistence of habitat preferred by male white-tailed deer at the end of summer. Conifer stands containing white cedar should receive periodic light disturbance using single-tree or group-selection cutting to maintain good summer habitat for white-tailed deer. These guidelines must, however, be subordinated to the objective of long-term maintenance of biodiversity in managed forests.
